New fluorescent benzoxazolylalanine derivatives bearing (oligo)thiophene units at the side chain were synthesized in good yields. Evaluation of the photophysical properties of the syntethized amino acids revealed that some of the derivatives display high fluorescent quantum yields, making them good candidates for application as fluorescent probes. Abstract -A series of new benzoxazolylalanine derivatives bearing (oligo)thiophene units at the side chain were synthesized in good yields. The photophysical characterization of these amino acids was performed by UV-vis absorption and fluorescence emission studies and revealed that some of the compounds display high fluorescent quantum yields, making them good candidates for application as fluorescent probes.
reports, several derivatives have been presented as antifungal, antimicrobial and anticancer agents. 4 Moreover, benzoxazoles also have excellent optical properties (broad spectral windows, high molar absorption coefficients and fluorescence quantum yields) and they have been described as fluorescent probes and sensing materials, namely as fluorescent and/or colorimetric sensors for metals, anionic species and pharmaceutical analysis. 2c,5 Thiophene and its derivatives also display interesting biological activity and important electroluminescent properties with wide application in polymer science, which has prompted their application as energy transfer and light-harvesting systems, for optical and electronic devices, 6 as sensors and as fluorescent markers. 7 Furthermore, the combination of amino acid building blocks and thiophene derivatives has resulted in several examples of heteroaromatic amino acids with application as ligands of the NMDA receptor, monomers for conducting polymers with complexing ability, paramagnetic amino acids for probing protein dynamics, as UV-and pharmaceutically active amino acids for incorporation into mutant proteins with changed optical and thermodynamic properties. The importance of the several above mentioned applications of thiophene, benzaxole and amino acid derivatives reveals that there is a practical interest on the synthesis of new and more complex systems that combine these units. Therefore, in order to contribute and expand the body of work published in this area in the last years, we decided to design new amino acid-based systems consisting on functionalized alanines containing these heterocyclic nuclei.
The (oligo)thienyl-benzoxazole amino acid derivatives, because of the presence of amino and carboxyl groups, can be incorporated into peptide chains and as such used as an energy donor in conformational studies of peptides by means of fluorescence or be used as fluorescence markers. Following our previous research in the synthesis and characterization of unnatural amino acids, 9 benz-X-azole derivatives with interesting optical properties 10 and heterocyclic colorimetric/fluorescent chemosensors containing (oligo)thiophene, benzoxazole and amino acid moieties, 2c,11 we now report the synthesis and characterization of a series of benzoxazolyl alanine derivatives bearing (oligo)thiophene units at the side chain. With the study of these new (oligo)thienyl-benzoxazolyl-alanines we intend to evaluate the effect of the length of the (oligo)thienyl group at the 2-position of the benzoxazole moiety in the photophysical properties of the resulting compounds.
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The new (oligo)thienyl-benzoxazolyl-alanines 4-6 with ethylenedioxythiophene, bithiophene and terthiophene units linked to the benzoxazolyl alanine system were synthesized in good yields, by a multistep synthesis, in order to compare the photophysical properties of compounds 4-6 with our recently reported system with thiophene. 2c Several (oligo)thiophene moieties were used in order to study the influence of the structure modification (e.g. the rigidification of the thiophene derivative by adding a ethylenedioxy bridge in compound 4a
and increase of the π-conjugated system in compounds 5a and 6a) on the overall optical properties of compounds 4-6. In order to study the effect of the N-and C-terminal protecting group of these amino acids in the photophysical properties, compound 4a was then selectively deprotected at its C-and Nterminus, yielding the corresponding N-Boc protected compound 4b 15 and the fully deprotected ethylenodioxythienyl-benzoxazolyl-alanine derivative 4c. 16 By a similar procedure, compounds 5a-6a were selectively deprotected, resulting in the corresponding NBoc protected 5b-6b and the fully deprotected alanine derivatives 5c-6c (Scheme 2, Table 1 ).
The structures of the new (oligo)thienyl-benzoxazolyl-alanines 4-6 were unambiguously confirmed by their analytical and spectral data.
< Scheme 2 > < Table 1 > The absorption and emission spectra of (oligo)thienylbenzoxazolyl-alanines 4-6 were measured in absolute ethanol (1 to 2 × 10 -5 M solution) ( Table 1 ). The nature of the thiophenic substituent at position 2 of the benzoxazole had a clear influence on the absorption and emission bands of compounds 4-6. The wavelength of maximum absorption was shifted to 5 longer wavelengths as the number of thiophene units increased, ca. 50 nm for each added thiophene (Table 1 , entries 1, 4 and 7). The same trend was observed in the emission spectra as the position of the wavelength of maximum emission was red-shifted with the increase of the number of thiophene units, which varied from λ em = 398 nm for 4a to λ em = 490 nm for 6a
( Figure 1 ).
< Figure 1 >
The fluorescence quantum yields were determined using a 0.1 M solution of 1-naphthylamine in cyclohexane as standard (Φ F = 0.46) 17 and (oligo)thienylbenzoxazolyl-alanines 4-6 exhibited good to excellent relative fluorescence quantum yields. Alanines 5a-c, with a bithiophene at position 2 of the benzoxazole, were found to be strongly emissive (0.37 < Φ F < 0.55) while compounds 6a-c, with a terthiophene substituent, displayed much lower quantum yields (0.10 < Φ F < 0.13). The ethylenedioxythienylbenzoxazolyl-alanines 4a-c displayed residual fluorescence (Table 1 , entries 1 to 3). For this compound it was found that the rigidity introduced by the ethylenedioxy bridge on the thiophene ring had practically no effect on the wavelengths of maximum absorption and emission, although a strongly deleterious effect on the fluorescence quantum yield was observed, when compared to 2-thienylbenzoxazolylalanine which was reported to have a fluorescence quantum yield of 0.79. 2c A related alanine derivative containing a benzoxazole bearing a methylthiophene was reported by other authors, 18 with the wavelength of maximum emission at 354 nm and a relative fluorescente quantum yield of 0.64.
The fluorescence quantum yield of non substituted (oligo)thiophenes is expected to increase as the oligothiophene chain length increases, due to a further extension of the conjugated π-system. On the other hand, the heavy atom induced spin-orbit coupling by the sulphur atoms can give raise to a very efficient intersystem crossing mechanism, thus lowering the emission. 19 Moreover, azomethine nitrogens contribute to the heavy atom effect concomitant with the increased degree of conjugation. 19c Also, the different chains (thiophene, bithiophene and terthiophene) should exihibt different degrees of torsion between the thiophene units, which leads to variations in the effectivity conjugation length, affecting the planarity of the whole heteroaromatic system. 19d In our case, we believe that a combination of the above mentioned effects could be responsible for the trend observed in our results.
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Keeping in mind further applications of these amino acids as emissive probes for energy transfer or FRET (Fluorescence Resonance Energy Transfer) studies in more complex structures as peptides chains, in Figure 1 can also be seen the good superposition of some absorption and emission spectra (for example compounds 6a and 4a), which opens up a very wide range of potential interesting applications to be explored.
As can be seen by the results, the presence of C-and N-terminal protecting groups does not affect the position of the absorption and emission bands, nor the fluorescence quantum yield, which does not vary significantly, within the same series of compounds (for example, compare entries 1 to 3 in Table 1 ). In order to assess the influence of the solvent polarity in the photophysical properties of alanines 4-6, spectra were run in cyclohexane, dioxane, acetonitrile and ethanol/water (1:1) and the obtained results showed that no solvatochromic effect was observed, suggesting that these compounds are solvent polarity independent.
In summary, we have achieved the synthesis of new fluorescent heteroaromatic amino acid derivatives 4-6 containing (oligo)thiophene and benzoxazole moieties combined with an alanine residue by simple procedures in good yields and their photophysical properties were evaluated. Due to their interesting photophysical properties these heterocyclic alanine derivatives could find application as useful building blocks for peptide-based fluorimetric chemosensors, as fluorescent markers and probes for FRET studies in peptides. Studies on the application of these new derivatives as chemosensors are currently ongoing and it is expected that their metal ion sensing ability can be comparable to that of 2-thienylbenzoxazolylalanine, which has been found to respond via a fluorescence quenching effect to the presence of Cu(II), Ni(II) and Hg(II) in a very efficient manner. 14. General procedure for the synthesis of alanines 4a-6a: compound 1 (1 equiv.) was stirred with the corresponding 2-formyl (oligo)thiophene 2 (1 equiv.) and heated in ethanol at reflux (5 mL/equiv.) for 3h. The solvent was evaporated and the crude imine 3 used in the next step without further purification. H 5.39, N 5.76, S, 13.18; found C 59.41, H 5.48, N 5.76, S 13.23 .
N-tert-Butyloxycarbonyl
The corresponding crude imine 3 (1 equiv.) and lead tetraacetate (1.5 equiv.) were stirred at room temperature in DMSO (5 mL/equiv.) for 3 days. The mixture was poured over water and extracted with ethyl acetate (3 × 10 mL). After drying with anhydrous magnesium sulphate and evaporation of the solvent under reduced pressure, the crude compound was submitted to column chromatography with silica gel by elution with dichloromethane. 15. General procedure for the synthesis of alanines 4b-6b: the corresponding alanine methyl ester (1 equiv.) was dissolved in 1,4-dioxane (1 mL/equiv.), in an ice bath, and sodium hydroxide 1 M aqueous solution (1.5 eq) was added drop wise. The mixture was stirred at room temperature for 3h. The pH was adjusted to 2-3 by addition of KHSO 4 1 M aqueous solution and extracted with ethyl acetate (3 × 10 mL). After drying with anhydrous magnesium sulphate and evaporation of the solvent, the residue was triturated with diethyl ether and the pure compound was obtained as a solid. 
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